.y o BOSTON
Silicon Track Trigger

.ars Sonnenschein

Boston University

e Introduction
e Design
e Status

Fermilab, 27 February 2004 /1



e Introduction

e Boston University
- U. Heintz, M. Narain, E. Popkov (PD), L. Sonnenschein (PD),
J. Wittlin (PD), K. Black (GS), S. Fatakia (GS), A. Zabi (GS),
A. Das (GS), W. Earle (Eng), E. Hazen (Eng), S. Wu (Eng)

e Columbia University
- H. Evans, G. Steinbriick (PD), J. Steele (PD), T. Bose (GS),
A. Qi (Eng), Tom Fitzpatrick (FNAL Eng)

e Florida State University
- H. Wahl, H. Prosper, S. Linn, T. Adams, N. Buchanan (PD),
B. Lee (PD), S. Tendindo Repond (PD), S. Sengupta (GS),
J. Lazoflores (GS), D. Kau (GS)

e SUNY Stony Brook
- J. Hobbs, W. Taylor (PD), H. Dong (GS), C. Pancake (Eng),
B. Smart (Eng), J. Wu (Eng)
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D( Trigger system

4.2us decision time

100us decision time

L2 Trigger \
1000 Hz

¥V~ Detector ~ ¥V L1Trigger ¥V
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CFT —3»1L2CTT
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L1
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FPD —> LI1FPD
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L2

L1FW: towers, tracks, correlations

L2FW:Combined
objects (e, |, j,tracks)
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The idea

Need to make
very fast decisions!

B Decay Products

Collision
b ;

E * °
~ ':

e b quarks are key in many areas:

- B physics

- top quark physics (t — Wb)

- Higgs Physics (ZH — vivbb)
e B hadrons have finite lifetime

- travel mm’s before decay

- = displaced tracks
e Trigger on displaced tracks

- using SMT precision

- IP resolution 55 yum @ high p,

(Including 35 um from beamspot)

T4 —+mpact Parameter

L4
L4
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e Design

e L1CTT = tracks in CFT
- Define road in SMT
e Select axial SMT hits in roads
e Fit trajectory to LICTTH+SMT hits
- Measure p,, IP and azimuth ¢
e Send results to L2
e Pass LICTT information to L2
e Send L2 output + SMT clusters to L3

clusters

SMT

L2CTT
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6 identical 60° sector crates

each containing;:
1 Fiber Road Card
- sync with D)
- L1CTT inputs
9 Silicon Trigger Cards
- SMT clustering
- Coarse cluster -
road match
2 Track Fit Cards
- Final cluster
selection

STT Crate Layout

L2 Global L2 Global
to L2CTT SCL in to L2CTT

Jojeulwusy
aleds
aleds

Jojeulwisl

- Track fitting =
/ / /_\ \ 4§. \8 Y’IO 11 ‘\12 13 Jﬁ 15 16 17 18 19 20 21
| WK [N G g Sector 2
W=/
\\\\.__—/7/
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All 6 sector crates installed
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STT mother- and daughterboards

' ‘Fiber Road Card

or

> 4

i
|

" Silicon Trigger Card &

Serial —r e or

board links : O . .
. Track Fit Card

for Iinter-
communication

dale
ga e

I Buffer Controller
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Silicon Trigger Card (STC) Design
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Performs silicon clustering
and cluster-road matching

Clusters adjacent SMT hits
(axial and stereo)

Axial clusters are matched
to £2 mm-wide roads
around each fiber track
via precomputed LUT

Masks bad strips and
applies pedestal/gain
corrections (via LUT)
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Track Fit Card (TFC) Design

Performs final SMT cluster
filtering and track fitting

Receives 2 CFT hits and axial
SMT clusters in CFT road

Selects clusters closest to
road center and performs
linearized track fit using
precomputed matrix elements
stored in on-board LUT

b(r) = 2 + 7+ ¢o

Requires only 3 out of
4 silicon layers

Output to L2CTT via Hotlink
Transmitter cards
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STT performance MC studies

| b, mlcron (fine binning) | |Impaci Parameter Resolution vs. pT |
- = 50
B o
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STT trigger simulator
e Can use exact DSP fitting code 10
e Has been instrumental in

developing the fitting algorithm
e Produces test vectors for all cards

10

-40 -20

20 40
Impact Parameter Significance
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Beamspot Monitoring

e Beamspot determined by vertex examine
e Written to coor name value server
e At beginning of run:

coor tells comics to download values to
-STT

- L3 farms (for reconstruction) ﬁ _

Allowable beamspot 2 Y L |
variation for the STT:| |3
e position < 1 mm 3 o o
e tilt <5-10~* I
o h -
.H oo
S
S

14m

i5m T m 1zm 1am 14m 1z00
mensuremeni umber mensremeni umber
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Beamspot Correction: Data through trigsim
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§8003_No correction, barrel 1 . EBOO?—With correction, barrel 1
) r o o r
= 600 -_:6—_. ad = 600 -
y400F o .- ~400F
7200F . V200 .o
O:_ ' 0:_ o 0-0-0-0-0" -6-, _.__._ -@-
s A . - oo e Te
-200F . ‘-9- -200(*
-400F . ' -400F
-600F .0 -600F
-800F -800F
_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII _IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
100060 120 180 240 300 360 ~1009™""60 120 180 240 300 360
phi, degrees phi, degrees
100[No correction, 500:_With correction all
80:_ 400F
60r 300F
40 200F
20F 100F

ol R W NN W T W W AW WA R N R R N SR L.... : 1 Loy
-R)OO -600 -200 200 600 1000 -1Q)OO -600 -200 200 600 1000
b, micron b, micron

Lars Sonnenschein Physics Department, Boston University Fermilab, 27 February 2004/13



e Status

e STT crates have been in global run
- since autumn last year
e All six sector crates are implemented
e Routinely running
e Taking shifts to ensure integration with D)
e Have taken about 10° events
in 30 stores (about 180 runs)
e Downtime (last couple of weeks):
about 1 %, tendency decreasing
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STT Monitoring GUI
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STT Examine: Track transverse momentum

Pt of tracks in Sextant 2 (Prob: 0.162) pt_trk2 Pt of tracks in Sextant 3 (Prob: 0.000) pt_trk3
Entries 1700 Entries 2153
- Mean 2118 ) Mean 2173
0 _—| RS 735 M: | RS BY
BE o]
200: 3oof—|
B0f-
150 2005_
150E I
100 1R
mf- |
0 -
0 by I
I N3
|- |, OEI L1 |||I|"||'1"#'M'._Lpu Ly
0 0 40 60 80 W 10 U 0 0D 0 60 8 W0 10 1
track momentum track momentum
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STT Examine: Impact Parameter

mﬂﬂlmmm parametar In Saxtant 0 {Prob: 0.000) imp_pard Impact parametar in Sextant 1 (Prab: 0.000) imp_pard

Entries ik i Entrles 191
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e mdlstﬂﬂca St i Emmst’a“;i“ca .4
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STT Examine: Track fit x? distribution
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Data (taken 22nd February 2004)

| Cluster/event
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: v 127s| 100F o
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Mean
RMS
Underflow
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0

1
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700, s 500, S
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STT Data: hardware vs. simulation

Data verification: Reconstructed cluster

STT simulation vs. dflreco

allres2 allres?2

| matchfrac | _ Entries 66452

matchfrac 1800: MBI e

B : — RMS 24.7

600 — sires 50 E —L X2/ ndf 1003 / 44

B Mean  0.981 1600 pO 1539 + 27.65

B RMS 0.0786 C pl -2.014 + 0.0977

500[— 1400~ p2 7.418+0.1112

N 1200 N p3 51.66 + 2.044

- - p4 0.03707 + 0.01091

400 B - p5 -0.005104 + 0.0003528
- _ 1000f—
200 OMT input problems -
e : 800
- Simulation does not know about -
2001 600
i 4001
100[— B
B 2001

O_ L L L | = L L L L = L | L L = J = ;"'_U—‘Ll:ln—h—:_ﬂfl L1 | 11 | 11 | 11 |
0 0.2 0.4 0.6 0.8 ! 900 80 60 -40 20 0 20 40 60 80 100

Fraction of matched clusters per event

Seperation (microns)

= Find real hits!

Lars Sonnenschein Physics Department, Boston University

Fermilab, 27 February 2004/20




Data verification: LICTT data through trigsim vs. dfreco

D b_sig good phiO pull D b_sig good phi0 pull
—_gg D D Entries 3381
— Mean 0.005483
300} RMS 2.536
- PUI(IP) H nderflow 82
— Overflow 80
250 :_ DSP
- Phi matched tracks
200 :—
- good
150
100|—
B have to work on
50— ¢
O il | | | | | | | | | | I | | | I | | | I | | | | | | |
-10 -8 -6 -4 -2 0 2 4 6 8 10
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TFC Monitoring histograms

EL_State DSL_State

10’

10’

. EL_State

IDSLO_State
@ DCSL1_State

DSP Loader

6
6
10 10

Event Loader

5
5 10
10

4 10
10

IDLE FRC read

finalize IDLE LOADING BUS WAIT **ERROR**

STC read

|. Fit_StateI _ _
Firmware is IDLE

DSP Fit most of the time
(©20E30)

Fit_State

7
10

10°

10°

10’

10°

IDLE FITWAIT SENDWAIT L3SEND
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Fitting time consumption during global physics run (©20E30)

x10°
1600k . Fit_Ti mes
< no flt Entries 0
1400 (will be greatly reduced) |vean 1088
1200 RMS 10.72
. Underflow 0
1000 I In ea r Overflow 0
800 .
1-pass fit
600
400 / 2-pass fit
O 1 1 1 1 1 1 I 1 1 I 1 1 1 1 I 1 1 1 1 I
0 50 100 150 200 250 NS
Fit_Times
Entries 0
Mean 10.88
RMS 10.72
Underflow 0
logarithmic  [oveflow o
1 1 1 1 I 1 1 m""n Ill" 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I
0 50 100 150 200 250 /J'S

Mean time
consumption
has to be less
than 50 us

STT well within the
required performance
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CTT Input to STT: test vector vs. hardware

* Previously verified internal data transfer quality

* Decoding the data words (comparing CTT data to trigsim)
— CTT trigger sector is “always” right (TS CFT)
— CTT H doublet, TSIM = DATA +1 (10c in STT fitting)
— CTT track curvature is always inverted * FIXED, 2/26!

* C(Clearly,we’re working on tracking these down
— CTT group helping
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When will STT be usable?

e Current limitations:
Inputs significantly different from what is expected
= Can't verify performance

e Hardware is in place and working
- Remaining firmware issues expected to be settled end of March
- Running smoothly in global run
compared to six weeks ago

e Started data verification

e Plan to put test triggers including o;p In V13
- Expect to be used in the V14 trigger list
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